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1.  INTRODUCTION 

This  report  describes  the  principle  tasks  performed  by  a  locomotive 
engineman  daring  over-the-road  freight  operations  utilizing  diesel- 
electric  locomotive  equipment.  Detailed  task  descriptions  are 
presented  which  depict  the  task  initiating  information  (stimuli), 
diagnosis  and  decision  making  based  on  the  input  stimuli  and 
operating  environment,  and  the  response  to  the  decision  process 
which  is  the  physical  action  or  actual  task  performance.  The  tasks 
are  also  analyzed  to  determine  task  difficulty,  the  potential  hazards 
associated  with  each  task,  and  the  criticality  of  each  task.  In 
addition,  the  applicability  of  this  particular  task  data,  based  on 
over-the-road  freight  operations,  to  other  phases  of  railroad 
operations  involving  the  engineman  is  analyzed  and  presented  in 
summary  form. 

This  report  defines  the  work  performed  under  Contract  Number 
DOT-FR-20036  for  the  Federal  Railroad  Administration  (FRA)  which 
will  provide  the  FRA  with  required  data  to  support  continued 
research  in  the  area  of  improved  safety  of  train  operations. 
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2. 


TASK  ANALYSIS  DATA 


Oar  initial  activity  involving  the  analysis  of  engineman  tasks 
by  McDonnell  Douglas  Electronics  Company  (MDEC)  personnel  was 
performed  in  conjunction  with  the  design  and  development  of  the 
train  simulator  for  Southern  Pacific  beginning  in  1968.  Although 
a  detailed  task  analysis  per  se  was  not  documented,  detailed  research 
concerning  the  engineman’s  tasks  was  performed  during  the  design 
cycle.  The  majority  of  this  unwritten  data  became  documented  during 
the  performance  of  a  more  formalized  engineman  task  analysis  for  the 
Vitoria-Minas  Railroad,  a  component  of  the  Cia.  Vale  Do  Rio  Doce, 
located  in  Brazil  (1970).  Recent  discussions  with  Southern  Pacific 
and  other  railroad  operating  personnel  plus  observation  of  engine- 
men  in  action  have  supplemented  our  existing  task  data.  Review  of 
source  data  such  as  operating  manuals,  handbooks,  and  railroad  rules 
and  regulations  has  •  also  provided  additional  data  to  support  the 
analysis . 

The  principle  tasks  of  the  over-the-road  freight  engineman  are 
summarized  by  task  grouping  in  Appendix  A.  These  groupings  are: 

A.  Basic  Handling  Tasks 

B.  Pre-run  Preparation  Tasks 

C.  Starting  Off  Tasks 

D.  Over-the-road  Tasks 

E .  Terminating  Tasks 

F.  Operating  Difficulty  and  Malfunction  Tasks 
0.  Auxiliary  Equipment  Operating  Tasks 

The  detailed  task  descriptions  for  each  of  these  task  groupings 
are  contained  in  Appendix  B.  The  format  for  presentation  of  this 
data  is  shown  in  Figure  1.  This  format  was  derived  to  facilitate 
examination  and  evaluation  of  the  task  items  which  describe  stimuli, 
decision  making  and  response.  In  addition  to  the  man-machine 
interface  (i.e.  engineman  and  train  and  locomotive  equipment),  crew 
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FIGURE  I 
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2.  (Continued) 

interaction  (i.e.  engineman  with  other  crew  members)  or  the  man-man 
interface  was  also  considered.  The  "Comments”  column  is  important 
in  presenting  certain  cautionary  information  or  other  data  useful 
to  the  engineman  during  the  information  processing  or  decision  making 
cycle  of  task  performance . 

Analysis  and  assessment  of  task  difficulty,  potential  hazards,  and 
task  criticality  were  performed  for  each  task  and  are  recorded  on 
the  data  sheets. 

Task  Difficulty  -  A  quantitative  difficulty  index  was  assigned  to 
each  task  or  subtask.  A  five  point  scale  from  least  difficult  (l) 
to  most  difficult  (5)  was  selected.  The  definitions  for  the 
five  points  on  the  scale  are  as  follows: 

Code  Definition 

1  A  task  that  only  requires  the  engineman  to  recognize 
devices,  determine  go/no-go  situations,  understand 
non-precision  indications,  recall  limited  information, 
distinguish  primary  colors,  perform  menial  or  simple 
tasks  or  perform  gross  motions  to  achieve  acceptable 
results . 

2  A  task  that  includes  requirements  to  recognize  and 
understand  the  purpose  and  principles  of  operation  of 
devices  and  systems,  make  non-precise  determinations, 
recall  pertinent  information,  recognize  shades  of  color, 
or  to  perform  tasks  requiring  some  planning  and  manual 
dexterity  to  achieve  acceptable  results. 

3  A  task  that  includes  requirements  to  troubleshoot  at  a 
gross  level,  perform  non-technical  repairs  (e.g.,  change 

a  fuse),  or  to  perform  such  tasks  as  checking,  inspecting, 
installing  and  removing;  requires  knowledge  and  skill 
necessary  to  detect  differences  of  weights  and  relative 
motions,  or  to  perform  accurate,  coordinated  and  timely 
motion  to  achieve  results. 
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2.  (Continued) 
Code 


Definition 


4  A  task  that  requires  the  operation  of  devices,  systems, 
subsystems,  or  components,  or  requires  complete  system 
troubleshooting;  requires  accomplishing  detailed  pro¬ 
cedures,  making  accurate  measurements,  or  operating 
devices  in  an  accurate,  coordinated  and  timely  manner 
for  desired  results. 

5  A  task,  activity,  function,  or  operation  that  requires 
repeated  experience  in  the  operation  of  devices,  systems, 
subsystems,  components,  and  associated  equipment;  requires 
extensive  recall,  understanding,  precise  knowledge,  or 
correlation,  computing,  organizing,  or  controlling 
hazardous  situations  or  situations  affecting  the  run 
timetable.  May  also  require  making  precise,  critical  and 
coordinated  movements  that  are  necessary  for  desired  results. 

Task  Hazards  -  Rather  than  using  a  quantative  scale,  hazards  are 
evaluated  by  generic  type.  In  assessing  hazards,  it  is  our  opinion 
that  the  proper  question  to  ask  is: 

"Does  the  performance  of  the  task,  per  se,  expose  the 
engineman  to  any  set  of  conditions  which  could  cause 
bodily  harm?" 

This  approach  is  more  germane  to  the  problem  of  task  hazards  than 
attempting  to  assess  whether  or  not  improper  execution  of  the  task 
will  result  in  a  hazardous  situation.  The  latter  is  better  treated 
under  the  classification  of  task  criticality.  An  alphabetical 
categorization  of  task  hazards  was  utilized.  A  hazard  listing  is  as 
follows : 

A.  Exposure  to  high  voltages  (e.g.  electric  shock  or  burn) 

B.  Exposure  of  body  or  appendages  to  high  impact  forces  (e.g. 
collisions) 

G.  Exposure  to  excessive  accelerations  and  decelerations 
D.  Exposure  to  excessive  acoustical  noise 
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2.  (Continued) 

E.  Exposure  to  falling  objects  (e.g.  derailment) 

F.  Slippery  or  dangerous  footing 

G.  Impaired  visibility 

H.  Exposure  to  fire  or  explosion 
No  Hazard  Involved 

Task  Criticality  -  A  quantitative  criticality  rating  was  assigned 
to  each  task  or  subtask.  A  five  point  scale  is  utilized,  from  least 
critical  (l)  to  most  critical  (5).  Criticality  is  assessed  within 
the  context  of  impact  upon  successful  completion  of  the  assigned 
run.  The  definitions  of  the  five  points  on  the  criticality  scale 
are  as  follows: 

Code  Definition 

1  Failure  to  perform  task  or  improper  performance  will  not 
impact  the  successful  completion  of  the  run  or  expose 
either  equipment  or  personnel  to  a  hazardous  situation. 

2  Failure  to  perform  or  improper  performance  may  cause  run 
completion  to  be  behind  schedule  but  not  so  as  to  result 
in  damaged  cargo  or  may  result  in  a  situation  which  is  in 
itself  not  potentially  hazardous  but  which  if  improperly 
handled  will  lead  to  a  hazardous  situation  (i.e.,  ’’ripple 
through”  effect). 

3  Failure  to  perform  or  improper  performance  will  result 
in  minor  damage  to  railway  equipment  (i.e.,  repairable 

in  field)  or  will  place  the  train  in  a  situation  requiring 
precise  and  rapid  corrective  action  in  order  to  prevent 
major  damage. 

4  Failure  to  perform  or  improper  performance  will  result  in 
major  equipment  damage  requiring  repair  at  central  shop 
facilities  or  will  result  in  significant  cargo  damage 
(e.g.,  loss  of  a  percentage  of  the  load)  or  in  minor 
injuries  to  operating  personnel. 
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2.  (Continued) 
Code 


Definition 


5  Failure  to  perform  or  improper  performance  will  result  in 

a  catastrophic  situation  involving  major  equipment  damage, 
major  cargo  loss  or  damage,  major  injuries  or  death  or 
significant  disruption  or  destruction  of  bystanding 
personnel  or  property. 
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3. 


DECISION  FLOW  CHART 


A  technique  for  expressing  the  decision  making  process  in  graphic 
form  is  the  preparation  of  a  decision  flow  chart.  This  method 
depicts  the  input  information  required  prior  to  making  each  decision 
Then  the  output  response  based  on  the  decision  made  is  indicated. 

As  an  example  of  how  the  task  analysis  data  could  be  formatted  in 
a  different  matter  to  facilitate  further  analysis,  a  decision 
flow  chart  of  one  of  the  engineman’s  tasks  is  used.  The  task 
selected  was  one  which  involved  braking  the  train.  Incidentally, 
this  is  one  of  the  most  difficult,  critical  and  complex  tasks 
that  an  engineman  performs.  Like  most  complex  tasks,  it  is 
composed  of  a  group  of  basically  simple  sub-tasks;  but  due  to  the 
time  required  to  perform,  the  interaction  among  the  tasks,  and  the 
mental  processing  required  prior  to  the  physical  response,  the  task 
becomes  exceedingly  complex  to  perform.  Figure  2  indicates  the 
sample  decision  flow  chart  for  the  train  braking  task  which  is 
involved  in  performance  of  speed  and  slack  control.  The  complexity 
and  interaction  of  this  task  is  indicated  by  the  many  loops  or  feed¬ 
back  paths  shown  in  the  figure.  Also,  notice  the  number  of  decision 
and  information  processing  blocks. 

It  should  be  pointed  out  that  this  sample  flow  chart  describes  a 
normal  or  typical  braking  activity  initiated  by  observance  of  a 
signal  light.  To  prevent  this  example  from  becoming  more  complex, 
the  occurrence  of  abnormal  events  (e.g.,  decision  to  use  emergency 
brakes)  was  not  included. 

As  mentioned  before,  the  actual  physical  response  of  moving  the 
brake  controls  is  very  simple;  however,  movement  of  these  controls 
to  control  slack  properly  is  a  difficult  task,  requiring  the 
mental  processing  of  an  abundance  of  input  data,  which,  incidentally 
is  continuously  varying.  This  is  the  reason  that  the  end  terminal 
of  the  flow  chart  is  labeled  CONTINUE,  since  the  task  of  train 
braking  is  a  continuous  task  during  train  operations. 
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TRAIN  BRAKING  PROCESS 
(SAMPLE  FLOW  CHART) 
FIGURE  2  (CONTINUED) 


-11- 


3.  (Continued) 

Preparation  of  decision  charts  similar  to  this  one  for  the  other 
principle  engineman  tasks  should  greatly  assist  the  FRA  in  evaluation 
of  the  safety  of  railroad  operations.  For  example,  these  charts 
could  depict  what  incorrect  decision  might  occur  if  insufficient 
input  data  were  available  to  the  engineman,  thereby  resulting  in 
unsafe  operations. 
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4. 


TASK  DATA  SUMMARY  MATRICES 


As  enumerated  many  times  within  this  report,  this  task  analysis 
basically  describes  the  principle  operational  tasks  of  the  over- 
the-road  freight  engineman  operating  diesel-electric  locomotive 
equipment.  Although  this  category  defines  a  large  percentage  of 
the  environment  in  which  most  enginemen  function,  there  are  other 
important  categories  not  directly  considered  by  this  analysis. 

However,  some  of  these  engineman  tasks  are  applicable  to  the 
different  operating  environments.  To  indicate  the  applicability  of 
these  tasks,  task  data  summary  matrices  for  each  task  grouping 
were  prepared.  These  are  shown  in  Figures  3  through  9.  In  an 
effort  to  indicate  degree  of  applicability,  a  simple  rating  scale 
was  devised.  The  scale  is  as  follows: 

2  -  indicates  totally  applicable 
1  -  indicates  partially  applicable 
0  -  indicates  little  or  no  applicability 

In  addition, an  "X"  under  the  column  labeled  SAFETY  indicates  that 
improper  performance  of  that  task  may  lead  to  a  potentially  hazardous 
situation. 

Review  of  these  matrices  reveals  that  the  task  data  is  specifically 
relevant  to  freight  operation  using  diesel-electric  equipment.  A 
large  percentage  of  the  tasks  are  partially  applicable  to  passenger 
operation.  A  much  smaller  percentage  are  applicable  to  yard  and 
hump  operations. 

With  regard  to  locomotive  equipment,  the  task  analysis  is  basically 
written  for  enginemen  operating  either  E.M.D.  SD-45  (Southern  Pacific) 
or  DDM-45  (C.V.R.D. )  diesel-electric  locomotives  equipped  with 
Westinghouse  26-L  air  brake  equipment.  For  different  models  and/or 
types  of  diesel-electric  locomotives,  specific  controls  will  vary. 
However,  the  information  processing  and  decision  making  cycle  of 
the  task  performance  will  be  very  similar,  if  not  identical.  For 
this  reason,  most  of  these  tasks  are  partially  applicable  to  diesel- 
hydraulic  locomotives,  with  a  smaller  percentage  applicable  to 
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4.  (Continued) 

electric  locomotives. 

As  evidenced  by  the  matrices,  a  large  percentage  of  the  tasks  are 
applicable  over  a  wide  range  of  external  environmental  conditions 
Although  this  list  is  not  all  encompassing,  it  does  indicate  the 
influence  of  external  factors  (e.g.,  weather  conditions)  on  task 
performance . 

Concerning  safety  of  operations,  these  matrices  reveal  that 
approximately  65%  of  the  tasks,  if  improperly  performed,  may  lead 
to  potentially  hazardous  situations.  This  emphasizes  the  need 
for  training  for  proper  job  performance  to  reduce  or  eliminate 
unsafe  operations.  Proper  training  exhibits  safe  task  performance 
as  a  primary  goal  or  objective. 
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TASK  DATA  SUMMARY  MATRIX 
TASK  GROUPING  A 
BASIC  HANDLING  TASKS 
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TASK  DATA  SUMMARY  MATRIX 

TASK  GROUPING  B 

PRE-RUN  PREPARATION  TASKS 
FIGURE  4 
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1 

1 

X 

B.2. 3 

Trailing  Unit  Cab 
Inspection 

2 

; 

0 

0 

2 

1 

1 

X 

B.2.4 

Engine  Room  Inspect. 

2 

1 

1 

1 

2 

1 

1 

X 

B .  3 

Starting  Engine 

B.  3.1 

Engine  Starting  Seq. 

2 

1 

1 

1 

2 

1 

0 

X 

B.3.2 

Lab.  and  Cooling  Level 
Check 

2 

1 

1 

1 

2 

1 

1 

B.4 

Post-Start  Inspection 

B.4.1 

Engine  Room  Inspect. 

2 

1 

1 

1 

2 

1 

1 

X 

B.4. 2 

Lead  Cab  Inspection 

2 

1 

1 

1 

2 

1 

1 

B .  5 

Prep,  for  Initial 
Movement  of  Loco. 

B.  5.1 

Place  Unit  On  Line 

2 

1 

1 

1 

2 

1 

0 

2 

2 

2 

2 

2 

2 

X 

B.5.2 

Prep,  for  Initial 
Movement 

2 

1 

1 

1 

2 

1 

1 

1 

2 

2 

1 

2 

1 

B.5.3 

Initial  Movement 

2 

1 

1 

1 

2 

1 

0 

1 

2 

2 

1 

2 

1 

X 

B .  6 

Forming  the  Consist 

B.  6.1 

Coupling  to  the  Train 

2 

1 

1 

1 

2 

1 

0 

1 

2 

2 

1 

2 

2 

X 

B.6.2 

Pumping  Up  Air 

2 

1 

0 

0 

2 

1 

1 

2 

2 

2 

2 

2 

2 

X 

B.6. 3 

Brake  Pipe  Leak  Test 

2 

1 

0 

0 

2 

1 

1 

2 

2 

2 

2 

2 

2 

X 

TASK  DATA  SUMMARY  MATRIX 

TASK  GROUPING  C 

STARTING  OFF  TASKS 

FIGURE  5 

« 

FREIGHT 

PAS  SENG  IE 

YARD 

HUMP 

DIESEL  ELECTRIC 

DIESEL  HYDRAULIC 

ELECTRIC 

HIGH  GRADE  (MOUNT.) 

LOW  GRADE  (FLAT) 

UNLIMITED  VISIBILITY 

RESTRICTED  VISIBILIl 

DRY  CONDITION 

WET  CONDITION 

SAFETY 

TASK  I 

NO. 

)ESCRIPTION 

TITLE 

C.l 

Obtaining  Clearance 
to  Proceed 

2 

1 

0 

0 

2 

1 

1 

C.  2 

Starting  the  Train 

C.  2.1 

Initial  Control 
Positions 

2 

1 

1 

1 

2 

1 

0 

2 

2 

2 

2 

2 

2 

C.  2.2 

Releasing  Air  Brakes 

2 

1 

1 

1 

2 

1 

1 

1 

2 

2 

2 

2 

1 

X 

C.2.3 

Start  Movement 

2 

0 

0 

0 

2 

1 

0 

1 

2 

2 

2 

2 

1 

X 

C.2.4 

Observation  of  Load 
Current 

2 

1 

1 

1 

2 

1 

1 

2 

2 

2 

2 

2 

2 

C.2.5 

Train  Velocity  Deter¬ 
mination  at  Slow 

Speeds 

2 

1 

1 

1 

2 

1 

1 

1 

2 

2 

2 

2 

1 

C.2.6 

Confirmation  of 

Caboose  Movement 

2 

0 

0 

0 

2 

1 

1 

2 

2 

2 

2 

2 

2 

C.2.7 

Operation  of  Auxiliary 
Equipment 

2 

0 

0 

0 

2 

0 

0 

C.2.8 

Under  Special  Situa¬ 
tions  (a)  Descending 
Grade 

2 

0 

0 

0 

2 

1 

1 

2 

1 

2 

2 

2 

1 

X 

C.2.9 

Under  Special  Situa¬ 
tions  (b)  Ascending 
Grade 

2 

0 

0 

0 

2 

1 

1 

2 

1 

2 

2 

2 

1 

X 

C.  3 

Moving  to  Main  Track 

2 

1 

0 

0 

2 

1 

1 

1 

2 

2 

1 

2 

2 

X 

• 

TASK  DATA  SUMMARY  MATRIX 

TASK  GROUPING  D 

OVER-  THE-RQAD  TASKS 

FIGURE  6 

FREIGHT 

PASSENGER 

YARD  • 

i 

DIESEL  ELECTRIC 

DIESEL  HYDRAULIC 

ELECTRIC 

HIGH  GRADE  (MOUNT.) 

LOW  GRADE  (FLAT) 

UNLIMITED  VISIBILITY 

RESTRICTED  VISIBILITY 

DRY  CONDITION 

WET  CONDITION 

SAFETY 

TASK  E 

NO. 

ESCRIPTION 

TITLE 

D.l 

Speed  and  Slack  Cntrl. 

D.1.1 

Knowledge  of  Train 
Consist  and  Territory 

2 

1 

0 

0 

2 

2 

2 

2 

2 

2 

2 

2 

2 

D.l. 2 

Automatic  Braking 

2- 

0 

0 

0 

2 

1 

1 

1 

2 

2 

2 

2 

1 

X 

D.l. 3 

Dynamic  Brake  Mode 

2 

0 

0 

0 

2 

1 

0 

2 

1 

2 

2 

2 

2 

D.l,  4 

Power  Reapplication 

2 

0 

0 

0 

2 

1 

0 

2 

1 

2 

2 

2 

1 

X 

D.l. 5 

Maintain  Schedule 

2 

0 

0 

0 

2 

1 

1 

1 

2 

2 

1 

2 

1 

X 

D.l. 6 

Response  to  Signal 
Aspects 

2 

1 

0 

0 

2 

1 

1 

2 

2 

2 

1 

2 

2 

D.l. 7 

Undulating  Territory 
Operation 

2 

1 

0 

0 

2 

1 

1 

2 

1 

2 

2 

2 

2 

X 

D.  2 

Maintenance  Require¬ 
ments 

2 

0 

0 

0 

2 

0 

0 

D.  3 

Approaching  Crossings 

2 

1 

0 

0 

2 

1 

1 

2 

2 

2 

1 

2 

2 

X 

D.U 

Entering  and  Leaving 
Sidings 

2 

1 

0 

0 

2 

1 

1 

2 

2 

2 

2 

2 

2 

X 

D.5 

Negotiating  Turnouts 
and  Crossovers 

2 

1 

1 

1 

2 

1 

1 

2 

2 

2 

2 

2 

2 

X 

D.6 

Passing  Equipment 
Adjacent  to  Tracks 

2 

1 

1 

1 

2 

1 

1 

2 

2 

2 

1 

2 

2 

X 

D .  7 

Passing  Train  on 
Adjacent  Track 

2 

1 

0 

0 

2 

1 

1 

2 

2 

2 

1 

2 

2 

X 

D.8 

Receiving  Wayside 
Messages 

2 

1 

0 

0 

2 

1 

1 

2 

2 

2 

1 

2 

2 

TASK  DATA  SUMMARY  MATRIX 
TASK  GROUPING  E 
TERMINATING  TASKS 
FIGURE  T 


TASK  DESCRIPTION 

NO”!  TITLE 


o 

w 

B 


B 


to 

CO 

pS 


Q 

§ 

>1 


o 

M 

PC 


w 

.-3 

W 

W 


U 

M 

I 

& 

B 

M 

Q 


O 


o 


8 

2 


w 


PC 

o 

S3 

O 


Eh 

3 

W 


03 

O 


M 

m 

M 

CO 

M 

> 

@ 

M 

s 

.J 


M 

►3 

M 

S 

CO 

M 

> 

b 

B 

M 

B 

B 

03 


SC 

o 


o 

o 

>H 

§ 


sc 

o 


s 

o 

o 


E.l 


Leaving  the  Main 
Track 


0 


E.  2 


Stopping  the  Train 


E.  2.1 


Braking  with  Power  Off 


E.2.2 


Dynamic  Braking 


0 


0 


E.2.3 


Air  Brake  Application 


0 


E.2.U 


Braking  with  Power 
Applied 


0 


E.2.5 


Maintaining  Stretched 
Configuration 


0 


0 


0 


E.2.6 


Avoiding  Excessive 
Coupler  Force 


0 


0 


0 


E.2.T 


Low  Velocity  Control 


0 


0 


E.2.8 


Final  Reduction 


E.2.9 


Stop  on  Receiving 
Track 


0 


0 


E.  3 


Detach  and  Store 
Locomotive (s  ) 


E.3.1 


Detach  Locomotive 


0 


0 


E.3.2 


Store  Locomotive 


0 


0 


0 


0 


E.U 


Complete  Paperwork 
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TASK  DATA  SUMMARY  MATRIX 

TASK  GROUPING  F 

OPERATING  DIFFICULTY  AND 
MALFUNCTION  TASKS 

FIGURE  8 

LGHT 

PASSENGER 

Q 

DC 

C 

> 

HUMP 

DIESEL  ELECTRIC 

DIESEL  HYDRAULIC 

ELECTRIC 

HIGH  GRADE  (MOUNT.) 

LOW  GRADE  (FLAT) 

UNLIMITED  VISIBILITY 

RESTRICTED  VISIBILITY 

DRY  CONDITION 

WET  CONDITION 

SAFETY 

TASK  I 

NO. 

ASCRIPTION 

TITLE 

u. 

F.l 

Responding  to  Obstruc¬ 
tions 

2 

1 

1 

1 

2 

1 

1 

1 

2 

2 

1 

2 

1 

X 

F .  2 

Responding  to  Torpe¬ 
does  and  Fusees 

2 

1 

0 

0 

2 

1 

1 

2 

2 

2 

2 

2 

2 

X 

F .  3 

Responding  to  Tem¬ 
porary  Restrictions 
and  Slow  Boards 

2 

1 

1 

1 , 

2 

1 

1 

2 

2 

2 

1 

2 

2 

X 

F .  4 

Responding  to  Improper 
Signals 

2 

1 

1 

0 

2 

1 

1 

2 

2 

2 

1 

2 

2 

X 

F .  5 

Responding  to  Degraded 
Dynamic  Braking 

2 

1 

0 

0 

2 

1 

1 

2 

0 

2 

2 

2 

1 

X 

F .  6 

Responding  to  Degraded 
Traction  Motor  Opera¬ 
tion 

2 

1 

1 

1 

2 

1 

0 

2 

2 

2 

2 

2 

2 

X 

F.7 

Responding  to  Diesel 
Engine  Defects 

2 

1 

1 

1 

2 

1 

0 

2 

2 

2 

2 

2 

2 

X 

F .  8 

Responding  to  No 
Throttle  Response 

2 

1 

1 

1 

2 

1 

1 

1 

2 

2 

1 

2 

2 

X 

F .  9 

Responding  to  Engine 
Shutdown 

2 

1 

1 

1 

2 

1 

0 

1 

2 

2 

1 

2 

2 

X 

TJ 

>—i 

O 

Responding  to  Loss  of 
Sand 

2 

1 

1 

1 

2 

1 

1 

1 

2 

2 

2 

1 

2 

X 

F .  11 

Responding  to  Battery 
Discharge 

2 

1 

1 

1 

2 

1 

0 

2 

2 

2 

2 

2 

2 

X 

F .  12 

Responding  to  Alarm 
Bell 

2 

1 

0 

0 

2 

1 

1 

2 

2 

2 

2 

2 

2 

X 

F.12.1 

Cause:  Hot  Engine 

2 

1 

1 

1 

2 

1 

0 

2 

2 

2 

2 

2 

2 

X 

F.I2.2 

Cause:  No  Power 

2 

1 

1 

1 

2 

1 

0 

1 

2 

2 

2 

2 

1 

F.12.3 

Cause:  Low  Oil-Water- 
Pressure 

2 

1 

1 

1 

2 

1 

0 

1 

2 

2 

2 

2 

1 

X 

F  .12 .4 

Cause:  Engine  Shut¬ 
down 

2 

1 

1 

1 

2 

1 

0 

1 

2 

2 

2 

2 

1 

F  .12. 5 

Cause:  High  Voltage 
Ground 

2 

1 

1 

1 

2 

1 

1 

2 

2 

2 

2 

2 

2 

X 

F.12.6 

Cause:  Excitation  Lmt. 

2 

1 

1 

1 

2 

1 

1 

2 

2 

2 

2 

2 

2 

F.13 

Responding  to  Locomo¬ 
tive  Overspeed 

2 

1 

0 

0 

2 

1 

1 

1 

2 

2 

1 

2 

1 

X 

F.14 

Responding  to  Brake 
Warning 

2 

1 

1 

0 

2 

1 

1 

1 

2 

2 

2 

2 

1 

F .  1 5 

Responding  to  Wheel 
Slip 

2 

1 

1 

1 

2 

1 

1 

1 

2 

2 

2 

2 

1 

X 

F.16 

Responding  to  Open  PCS 

2 

1 

1 

1 

2 

1 

1 

2 

2 

2 

2 

2 

2 

X 

F  .17 

Responding  to  Auto¬ 
matic  Train  Control 
Warning 

2 

1 

0 

0 

2 

1 

1 

1 

2 

2 

1 

2 

1 

X 

F .  18 

Responding  to  Safety 
Control  Devices 

2 

1 

1 

0 

2 

1 

1 

2 

2 

2 

2 

2 

2 

X 

F.  19 

Responding  to  Emer¬ 
gency  Braking 

2 

1 

1 

0 

2 

1 

I 

2 

2 

2 

2 

2 

2 

X 

* 
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PAGE  TWO 

TASK  DATA  SUMMARY  MATRIX 
TASK  GROUPING  F 
OPERATING  DIFFICULTY  AND 
MALFUNCTION  TASKS 
FIGURE  8 
(CONTINUED) 


TASK  DESCRIPTION 


NO. 


TITLE 


X 

X 

o 


PC 

x 

o 

z 

X 

m 

in 

2 


Q 

DC 


X 


o 

t— I 

DC 

X 

o 

X 

X 

UJ 

X 

UJ 

C/J 

UJ 


o 

X 

X> 


o 

X 

X 

UJ 

C/J 

X 


o 

I— I 

X 

X 

u 

X 

X 

X 


X 

X 

o 


X 

Q 

2 

-J> 

X 

o 


X 

2 

X 


X 

Q 

2 

O 

o 

X 


X 

I— I 

X 

t— I 

CQ 

i— i 

X 


Q 

X 

X 


£ 


X 

x 

X 

x 

X 

X 

C/J 


Q 

X 

X 

o 

x 

DC 

X 

m 


2 

O 


Q 

X 

o 

o 

£ 

Q 


2 

O 


Q 

Z 

o 

o 

X 

X 

12 


X 

X 

X 

< 

C/J 


F .  20 


Correcting  Derail 
Condition 


F .  21 


Replacing  Broken 
Knuckle 


0 


0 


F.22 


Setting  Out  Damaged 
Cars 


0 


F .  23 


Responding  to  Known 
Locomotive  Defects 


1  1 


0 


F .  24 


Responding  to  Natural 
Hazards 


F .  25 


Responding  to  Hot 
Journal  Bearings 
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TASK  DATA  SUMMARY  MATRIX 
TASK  GROUPING  G 
AUXILIARY  EQUIPMENT 
OPERATING  TASKS 
FIGURE  9 


TASK  DESCRIPTION 


NO. 


TITLE 


cc 

u 

o 

z 

CQ 

CO 

CO 

2 


Q 

DC 

<c 


o 

t— I 

DC 

H 

O 

tO 

►J 

tQ 

hJ 

tQ 

CO 

tQ 


o 


s 

Q 


►J 

to 

CO 

to 


o 

I— I 

DC 

E- 

O 

to 

►J 

to 


H 

2 

tQ 

O 

y. 


£ 


o 

rc 

o 


f- 

3 

u, 


to 

Q 

2 

o 

o 

►J 


i— i 
.J 

►— i 

CQ 
»— ( 
CO 
I— I 
> 

Q 

to 

H 


f— 

W 

I— I 

CQ 

t— i 

CO 


Q 

to 

H 

o 

»— I 
QC 
E-> 
co 

a 


2 

O 


Q 

2 

O 

o 


DC 

Q 


to 

U. 

< 

CO 


G.l 


Operation  of  Air  Horn 


1  1 


G.  2 


Operation  of  Train 
Bell 


G.  3 


Operation  of  Radio/ 
Telephone 


G .  4 


Use  of  Windshield 
Wipers  and/or  Defog- 

— ger 


2  2 


G .  5 


Use  of  Locomotive  Cab 
Heater 


G .  6 


Use  of  Light  Controls 


G .  7 


Use  of  Attendant  Call 
Button  


G .  8 


Use  of  Fire  Extin¬ 
guisher 


G.  9 


Operation  of  RMU 
Equipment 


0 


0 


0 


0 


G.10 


Use  of  Retainers 


0 


0 


0 


0 
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5. 


CONCLUSIONS  AND  RECOMMENDATIONS 


This  task  analysis  which  defines  the  principle  tasks  of  the 
over-the-road  freight  engineman  is  prepared  with  the  intent 
of  assisting  the  FRA  in  attaining  their  goal  of  improved  safety 
in  railroad  operations.  Detailed  analysis  of  what  a  man  does  daring 
performance  of  his  job  is  an  essential  step  in  uncovering  areas 
which  may  contribute  to  unsafe  operations. 

The  input  data  which  initiates  the  task  and  the  processing  of  this 
information  to  decide  what  task  should  be  performed  are  equally 
important  as  the  physical  response  or  actual  task  performance.  An 
example  of  how  the  tasks  may  be  further  analyzed  is  shown  in  Figure 
2,  the  decision  flow  chart.  It  is  recommended  that  the  FRA  utilize  a 
similar  technique  for  further  analysis  of  the  more  complex  engineman 
tasks . 

The  majority  of  engineman  activities  relate  to  over-the-road  freight 
operations.  However,  as  the  task  data  summary  matrices  point  out, 
additional  engineman  tasks  relative  to  other  phases  of  railroad 
operations  (e.g.,  yard  and  terminal  activities)  are  not  defined  by 
this  analysis.  Therefore,  it  is  recommended  that  engineman  tasks 
performed  in  other  operations,  on  different  types  of  equipment  and 
under  variations  of  external  environmental  conditions  be  examined. 

Beginning  an  examination  of  the  engineman's  job  is  a  logical  starting 
point  for  evaluation  of  safety  in  railroad  operations.  However, 
railroad  operations  are  complex  in  nature,  involving  interactions 
among  the  engineman  and  the  train  crew,  yard  personnel  and  other 
operating  personnel.  Therefore,  detailed  task  analysis  for  all 
aspects  of  safety  of  railroad  activities  are  needed. 

The  goal  which  the  FRA  has  established  of  improved  safety  in  opera¬ 
tion  of  American  railroads  is  a  commendable  one.  Based  on  our 
expertise  in  both  task  analyses  and  railroad  operations,  MDEC  would 
be  pleased  to  offer  our  assistance  and  cooperation  in  future  under¬ 
takings  that  the  FRA  deems  necessary  to  attain  your  goal  of  improved 
railway  safety. 
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APPENDIX  A 

PRINCIPLE  ENGINEMAN  TASKS 


A-l 


Task  Grouping  A 
Basic  Handling  Tasks 


1.  Accelerating 

2.  Decelerating 

3.  Automatic  Braking 

4.  Independent  Braking 

5.  Braking  with  Power 

6.  Dynamic  Braking 

7.  Backing  Up 

8.  Sanding 


Task  Grouping  B 
Pre-Run  Preparation  Tasks 

1.  Registering 

2.  Pre-Trip  Inspection 

3.  Starting  Engine 

4.  Post-Start  Inspection 

5.  Preparation  and  Initial 
Movement  of  Locomotive 

6.  Forming  the  Consist 


Task  Grouping  C 
Starting  Off  Tasks 

1.  Obtaining  Clearance  to  Proceed 

2.  Starting  the  Train 

3.  Moving  to  Main  Track 


A-2 


Task  Grouping  D 
Over-the-Road  Tasks 


1.  Speed  and  Slack  Control 

2.  Maintenance  Requirements 

3.  Approaching  Crossings 

4.  Entering  and  Leaving  Sidings 

5.  Negotiating  Turnouts 
and  Crossovers 

6.  Passing  Equipment  Adjacent  to  Tracks 

7.  Passing  Train  Adjacent  to  Track 

8.  Receiving  Wayside  Messages 


Task  Grouping  E 
Terminating  Tasks 

1.  Leaving  the  Main  Track 

2.  Stopping  the  Train 

3.  Detach  and  Store  Locomotive 

4.  Complete  Paperwork 


Task  Grouping  F 

Operating  Difficulty  and  Malfunction  Tasks 

1.  Responding  to  Obstructions  on  Tracks 

2.  Responding  to  Torpedoes  and  Fuses 

3.  Responding  to  Temporary  Restrictions  and 
Slow  Boards 

4.  Responding  to  Improper  Signals 

5.  Responding  to  Degraded  Dynamic  Braking 

6.  Responding  to  Degraded  Traction  Motor 
Operation 


A-3 


Task  Grouping  F  (Continued) 

Operating  Difficulty  and  Malfunction  Tasks 


7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 


Responding  to  Diesel  Engine  Defects 
Responding  to  No  Throttle  Response 
Responding  to  Engine  Shutdown 
Responding  to  Loss  of  Sand 
Responding  to  Battery  Discharge 
Responding  to  Alarm  Bell 
Responding  to  Locomotive  Overspeed 
Responding  to  Brake  Warning 
Responding  to  Wheel  Slip 
Responding  to  Open  PCS 

Responding  to  Automatic  Train  Control  Warning 

Responding  to  Safety  Control  Devices 

Responding  to  Emergency  Braking 

Correcting  Derail  Condition 

Replacing  Broken  Knuckle 

Setting  Out  Damaged  Cars 

Responding  to  Known  Locomotive  Defects 

Responding  to  Natural  Hazards 

Responding  to  Hot  Journal  Bearings 


Task  Grouping  G 

Auxiliary  Equipment  Operating  Tasks 


1. 

Operation  of  Air  Horn 

2. 

Operation  of  Train  Bell 

3. 

Operation  of  Radio/Telephone 

4. 

Use 

of  Windshield  Wipers  and/or  Defogger 

5. 

Use 

of  Locomotive  Cab  Heater 

6. 

Use 

of  Light  Controls 

7. 

Use 

of  Attendant  Call  Button 

8. 

Use 

of  Fire  Extinguisher 

9. 

Use 

of  RMU  Equipment 

10. 

Use 

of  Retainers 
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